A principal components analysis was performed (using JMP Pro) on the cytokine expression from 284 absolute numbers of both CD4 and CD8 cell counts (log 10 transformed) from individual granulomas. Using the 285 Kaiser criterion (dropping any components with eigenvalues less than 1), the first principal component was 286 saved as a new variable for both CD4 and CD8 cell types.
287
To ensure against bias from any single animal in our lung granuloma data, the median frequency and 288 absolute counts of CD4 and CD8 of each animal were calculated and effect sizes between groups examined. 289 We found similar effect size among the CD4 T cells frequency and absolute CD8 T cells. The CD8 T cell effect 290 size between SIV and control was inflated due to one animal (31316) but the overall trends were similar. A 291 similar comparison was performed with the cytokine data used in the principal component analysis with similar 292 effect sizes. 293 294 Ethics statement 295 All animal protocols and procedures were approved by the University of Pittsburgh's Institutional Animal Care 296 and Use Committee (IACUC) that adheres to the national guidelines established in the Animal Welfare Act and 297 Guide for the Care and Use of Laboratory Animals as mandated by the U. S. Public Health Service Policy 298 (PHS). The IACUC approval number for our study is 17050656 and our PHS policy number is D16-00118. 299 300 University of Pittsburgh housed all NHP in temperature, humidity, and lighting controlled rooms. Single housed 301 cages at least 2 square meters apart were utilized, allowing for visual and tactile contact with neighboring NHP. 302 NHP were fed twice daily with specific formulated biscuits and at least 4 days/week with fruits and vegetables 303 and had a libitem access to water. An enhanced enrichment plan was designed and administrated by NHP 304 enrichment specialists. Species-specific behaviors were always encouraged. NHP maintained constant access 305 to toys and other manipulata. All manipulata and toys were regularly rotated. Puzzle feeders and cardboard 306 tubing were used to simulate foraging for food and adjustable mirrors were utilized to simulate interactions with 307 other animals. Regular human and NHP interactions were encouraged. These interactions consisted of 308 administering small food objects that follow all safety protocols. Caretakers interact with NHP by talking or use 309 of non-aggressive facial expressions while performing housing area tasks. All feedings, cage cleanings, and 310 other routine procedures were completed on a strict schedule to allow NHP to acclimate to a normal daily 311 schedule. All NHP were provided a diverse variety of visual and auditory stimulation, which included either 312 radios or video equipment that are designed for children for at least three hours a day. 15 380 observed by PET CT compared to the Mtb/CD4 group (median= 2 new granulomas per NHP), though it was 381 not statistically significant given the heterogeneity that is inherent within this NHP model ( Figure 3A ). Figure 3 ) during subclinical reactivation. At least 3 of the 7 392 newly identified granulomas had barcodes that were also observed in the thoracic lymph nodes whereas the 393 other new granulomas had similar barcodes detected in lung granulomas observed prior to SIV infection 394 (Supplemental Figure 3) . These data suggest that the Mtb dissemination during reactivation can occur from 395 either the lung granulomas or thoracic lymph nodes. Interestingly, barcodes observed in extrapulmonary sites 396 were similar to barcodes identified from lymph nodes in this animal, suggesting dissemination outside the lungs 397 can occur from the lymph nodes. 398 399 PET CT can predict subclinical reactivation from CD4 depletion but not Mtb/SIV co-infection 400 We assessed PET CT characteristics prior to immune suppression (SIV or CD4) for the ability to distinguish 401 reactivation risk, including total lung FDG activity, number of granulomas, greatest size or FDG avidity of any 402 granuloma within an animal, and number of lobes involved (Supplemental Figure 4A -B). We did not observe 403 any significant differences in PET CT characteristics prior to immune suppression that would distinguish 404 reactivators from non-reactivators although the sample size was limited. We previously published that PET CT 405 patterns during LTBI could discriminate macaques at high and low risk of TNF neutralization induced 406 reactivation [18] . Specifically, total lung FDG activity (i.e., greater than 920 cumulative-SUV) and/or the 407 presence of an extrapulmonary site of infection observed by PET CT prior to TNF neutralization predicted 408 reactivation with 92% sensitivity and specificity [18] . By using these 2 metrics and the outcome of reactivation 409 on animals in our current study, we could predict reactivation with 80% and 75% sensitivity and a specificity of 410 100% and 25% among Mtb/CD4 and Mtb/SIV NHP, respectively (Supplemental Figure 4A ). More specifically, 411 the positive predictive value of high lung FDG activity and presence of extrapulmonary sites of infection was 412 100% among Mtb/CD4 (i.e., high FDG activity and presence of extrapulmonary disease could predict 413 reactivation 100% of the time) but only 50% of the Mtb/SIV animals. These data suggest that the spectrum of 414 LTBI may predict reactivation risk that results from more specific immunologic impairments such as TNF 415 neutralization or CD4 depletion. However, in the case of SIV infection where the immune suppression is 416 broader, the threshold for reactivation to occur is less predictable. 417 SIV and CD4 depletion modulate T cell composition within lung granulomas and thoracic lymph nodes Figure 4B ). Interestingly, the absolute number (i.e., 426 based on total number of cells estimated from the granuloma) of CD4 and CD8 T cells within granulomas from 427 Mtb/SIV NHP was significantly greater than both latent control and Mtb/CD4 animals ( Figure 4C ). Animals 428 that developed reactivation in the Mtb/SIV group had greater absolute CD8 T cells though this apparently was 429 not protective ( Figure 4D ). Absolute CD8 T cells were higher in Mtb/CD4 NHP reactivators compared to non-430 reactivators ( Figure 4D ). The presence of greater absolute numbers of T cells in the granulomas during 431 Mtb/SIV co-infection suggests that SIV infection alters the cellular composition and total quantity of T cells in 432 the granulomas, although the increased T cells did not appear to improve disease outcome. This exemplifies a 433 unique circumstance within the granuloma in which the frequency of T cells (i.e., the proportional contribution 434 of T cells within an individual granuloma) may differ from the absolute number of T cells (i.e., the total 435 contribution of T cells within the granuloma) between groups. Figure 5A and Supplemental Figure 6C ). PC1 was similar for CD8 T 451 cell responses in the granulomas, again accounting for over 60% of the variability of the data (Supplemental 452 Figure 6D ). The loading matrices for both cell types (Supplemental Figure 6A- Figure 5B ). Similarly, SIV granulomas had a greater CD8 median 459 PC1 score compared to both Mtb/CD4 and control groups ( Figure 5B) . Interestingly, the CD4 depleted groups 460 had a higher CD8 T cell median PC1 score compared to controls. When PC1 scores were compared by Figure 5C ). The immune parameters of PC1 in CD8 T cells also differentiated CD4 depletion induced 464 reactivation from SIV infection. Of note, PC1 among CD4 and CD8 T cells was positively associated with Mtb 465 burden ( Figure 5D ) and SIV replication ( Figure 5E ) within granulomas. Taken together, CD4 and CD8 T cells 466 from Mtb/SIV granulomas have a more immune activated (more cytokines and granzyme B production) profile 467 than Mtb/CD4 and LTBI control groups though it is not protective. This pattern also correlates with 468 reactivation status for Mtb/SIV NHP and increases with Mtb growth and SIV replication, suggesting that the 469 pathogens and reactivation status correlate to homeostatic change in T cell activity within lung granulomas. 470 While PCA was used as a dimensional reduction method given the complex nature of the data sets, we 471 also performed more traditional analytic methods comparing groups by single immune functional parameters 472 with results that were generally consistent with the PCA results (Supplemental Figure 7) . Lung granulomas 473 from Mtb/SIV NHP also contained more (p = 0.0528) CD38+ T cells compared to Mtb-only granulomas, 474 suggesting that the Mtb/SIV co-infection is associated with increased T cell activation (Supplemental Figure 8) . 475 SIV co-infection and CD4 depletion also changed the overall composition of T cells within lung granulomas that 476 produce these cytokines and granzyme B (Supplemental Figure 9) . 489 although viremia reached a similar level in both groups by 2 weeks ( Figure 6A ). Overall, similar PBMC CD4 490 and CD8 T cell frequencies and numbers were observed in Mtb/SIV and SIV-only NHP (Supplemental Figure  491 10 Figure 6B ). When sorted by outcome, granulomas from 498 animals that reactivated compared to those that did not reactivate had higher SIV RNA copies ( Figure 6B ), 499 consistent with the positive correlation between SIV replication and Mtb burden in lung granulomas 500 (Supplemental Figure 11A ). To ensure that the increased SIV RNA copies per granulomas were not simply due 501 to increased numbers of CD4 T cells in Mtb/SIV animals, we compared SIV RNA:CD4 RNA ratios 502 (Supplemental Figure 11B ). Higher RNA SIV:CD4 RNA ratios were associated with granulomas from 503 reactivated animals compared to non-reactivators and in granulomas with Mtb burden (Supplemental Figure  504 11B ).
505
To determine whether SIV alters the ability of a host to kill Mtb in vivo, we compared ratios of live Mtb 506 (CFU) to total (dead and live) bacteria (measured as chromosomal equivalents; CEQ) as an estimate of 507 bacterial killing [19, 36] . Lung granulomas with SIV RNA contain higher CEQ than lung granulomas without SIV 508 RNA ( Figure 6C ), indicating increased bacterial growth. Here, lower CFU/CEQ ratios indicate more Mtb killing 509 whereas higher ratios indicate poor killing. Granulomas from Mtb/SIV NHP reactivators had reduced Mtb killing 510 (higher CFU/CEQ) compared to those from non-reactivators ( Figure 6D ). Similarly, reduced Mtb killing was 511 observed in granulomas with detectable SIV RNA. Taken together, these data support that there is synergy 512 between local Mtb and SIV replication dynamics in vivo that coincides with increased Mtb growth, reduced Mtb 513 killing and increased virus replication within the granuloma itself.
20
514 Discussion 515 Here, we are able to identify the early dynamics of reactivation from LTBI by focusing on the events that 516 occur during subclinical reactivation. In this highly controlled experimental setting, both CD4 depletion and SIV 517 infection after established LTBI induced subclinical reactivation but with different immunologic mechanisms 518 and patterns of reactivation. It should be noted that SIV mac251 preferentially infects and depletes CCR5+ CD4 T 519 cells (especially CD45Ra-memory cells) in the periphery [37], while CD4 depletion antibody causes a broader 520 depletion of CD4 T cells. In this study, SIV infection induced only a transient decrease (3 weeks post-SIV 521 infection) in the total peripheral CD4 T cell frequency but otherwise was similar to control groups and no 522 differences were noted in the absolute number of circulating CD4 T cells in blood allowing us to compare the 523 CD4 dependent and independent mechanisms of reactivation. Notably, quantification of CD4 T cells in blood 524 did not consistently reflect CD4 T cells in the granulomas as was the case for Mtb/SIV co-infection groups. The 525 use of PET CT allows us to capture the earliest events of reactivation during immune suppression before 526 overwhelming bacterial burden, disease pathologies and overt clinical signs develop. Both SIV infection and 527 CD4 depletion during LTBI induced similar rates of subclinical reactivation, based on the strict definition of 528 detection of a new granuloma by PET CT (and confirmed at necropsy), but the bacterial burden and severity of 529 dissemination was worse in the Mtb/SIV group. This was attributed to the greater number of new granulomas 530 that developed with viable Mtb growth among Mtb/SIV NHP despite having significantly more CD4 T cells than 531 Mtb/CD4 group. Importantly, CD4 depleted animals had fewer new granulomas during early reactivation and 532 many were sterile suggesting that CD4 independent mechanisms for Mtb killing exist within the granuloma 533 during LTBI as others have suggested [15] . Within the granuloma, immune activation profiles were more 534 perturbed by SIV than by CD4 depletion and the presence of SIV RNA copies was associated with greater 535 bacterial growth and reduced bacterial killing. 593 assessed peripherally, in airways and in vitro, but not in a realistic in vivo tissue-based setting such as lung 594 granulomas. Although the precise mechanisms for increased SIV RNA and reduced Mtb killing in individual 595 granulomas were not identified in this study, we hypothesize that HIV induces a combination of mechanistic 596 immunological changes within lung granulomas that result in Mtb growth and disease progression (Figure 7) . 597 Elucidating how HIV or SIV manipulates the micro-environment of Mtb granulomas is a critical factor in
